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Introduction. Since Savart™ first studied in 1828 the action of am- 
monia gas upon iron at elevated temperature, numerous investigations on 
iron nitride have been reported. In 1923, A. Fry® invented the so-called 
nitriding process. By this process, or by treating the chrome aluminium 
steel with ammonia he obtained the hardest substance ever known in metal- 
lurgical products. This invention has stimulated the study of iron nitride. 
The equilibrium diagram of iron and nitrogen was partially determined by 
Fry,” B. Sawyer® and O. Eisenhut and E. Kaupp. As the results of 
X-ray studies conducted by G. Hagg,® A. Osawa and S. Iwaizumi® and 
Eisenhut and Kaupp, the existence of the compounds Fe2N and Fe,N was 
ascertained. 

While investigating” ™ iron nitride, the author discovered the existence 
of atomic hydrogen in nitrided iron and the formation of so-called porous 
iron by the action of ammonia on compact iron. The details of the inves- 
tigation are shown in the following pages. 

In 1880, A. H. Allen™ first reported the existence of hydrogen in iron 
nitride and in 1911 J. H. Andrew“ also admitted the existence of the 
occluded hydrogen in iron nitride. In 1913, W. Herwig” found that the 
nitrogen content in molten iron did not increase when it was treated with 
nitrogen but increased due to the action of the mixture of nitrogen and 
hydrogen. But in 1929, Hagg“® reported that he could find no traces of 
hydrogen in iron nitride. 
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Hydrogen Occluded in Iron Nitride. With the object of ascertaining 
the existence of hydrogen in nitrided iron, the author prepared iron nitride 
by the use of the apparatus shown in Fig.1. Iron oxide, which he obtain- 
ed*by igniting iron oxalate, was put in F and reduced with electrolytic 
hydrogen. Pure iron thus obtained was treated with ammonia gas at 
450°C. for 250°hrs. Iron nitride which was formed in this way and 
which contains 9.796% nitrogen, was decomposed at 430°C. and 450°C. and 
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Fig. 2. 


analysed by means of the apparatus shown in Fig.2. These two different 
degrees were chosen in order to ascertain the decomposition temperature of 
iron nitride and at the same time the existence of hydrogen, as Fry” re- 





(1) Fry, loc. cit. 
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ported that the decomposition temperature of FesN was 440°C. when he 
made his rapid decomposing experiment. 15.36 gr. of iron nitride was put 
in A and heated at 430°C. The evolved gas was analysed. Again the spe- 
cimen was heated at 450°C. and the same process was repeated. The tem- 
perature was measured by means of the Pt-PtRh thermocouple standardized 
by the melting points of zinc and aluminium and kept constant within 
the range of +0.6° by the method used by J. H. Haughton and D. Han- 
son.” The decomposed gas was collected by means of the Tépler pump 
into the burette B corrected with mercury at every 2c.c. The collected gas 
passed backwards and forwards through the red heated copper oxide tube 
and phosphorus pentoxide tube by means of the mercury reservoir J. The 
gas thus treated was again collected into the burette B by the use of the 
Tépler pump and the amount of hydrogen was determined by the change of 
volume. The result is shown in Table 1. 


Table 1. 


Analysis of Gas Evolved by Heating Nitrided Iron. 








; Decomposed | Volume after Velame Volume of 
Temp. nee wet) | mo of ——— bp ge po Lac} 
(0°, 760 mm.) (0°, 760 mm.) (0%, 700 mm.) Sa 
| _ 
430°C. 97.5 23.76 22.63 1.08 0.0703 
450°C. 49.0 27.10 27.03 0.02 0.0013 





As may be seen from Table1, iron nitride contains hydrogen and de- 
composes below 430°C. 


Atomic Hydrogen Occluded in Iron Nitride. By the above experi- 
ment the author has confirmed the existence of hydrogen in iron nitride. 
But how hydrogen is occluded is unknown. According to Richards® the 
iron may occlude atomic hydrogen by quenching it from 1000°C. into 
water or by depositing it electrolytically. But nobody has ever mentioned 
the existence of atomic hydrogen in iron nitride. The author has confirmed 
the existence of atomic hydrogen in iron nitride by the following experi- 
ments. 


(1) J. H. Haughton and D. Hanson, National Phys. Lab. Collected Res., 55 (1920), 51. 
(2) T. W. Richards and G. E. Behr jr., Z. physik. Chem., 58 (1907), 301. 
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(a) Single Potential of Iron Nitride. Reduced pure iron above men- 
tioned is compressed in the form of a cylinder and nitrided at 500°C. for 
4hrs. The nitride thus formed is quickly immersed in 0.988 normal ferrous 
sulphate solution and the potential difference between the nitride and the 
deci-normal calomel electrode is measured with the Leeds and Northrup 
potentiometer. A deci-normale alomel electrode was prepared by calomel, 
potassium chloride from Kahlbaum and mercury which has been distilled 
several times in vacuo. 

The ferrous sulphate solution was prepared according to the method 
adopted by Richards. Definite quantity of ferrous sulphate (Merck) was 
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dissolved in distilled water which had been boiled in vacuo in the atmosphere 
of hydrogen. The solution, to which was added a definite quantity of sul- 
phurie acid and pieces of electrolytic iron, was kept for about 100 days in 
the flask filled with hydrogen gas and covered with black paper to keep off 
light. The concentration of the solution was 0.988 normal which the author 
determined by titrating it with potassium permanganate standardized with 
sodium oxalate. 

The measurement was carried out with the apparatus indicated in 
Fig. 3, which is an improved one of the apparatus reported by C. Benedicks 
and R. Sundberg": an enclosed glass cylinder A covered with black paper 
and containing the electrode, was filled with hydrogen gas through the 
tube M and then the solution of ferrous sulphate was poured in it through 
the tube D until it fills the vessel F. The deci-normal calomel electrode 
was dipped into the vessel F and the potential difference between the 
electrode and the deci-normal calomel electrode was measured, and as soon 
as the measurement was finished the deci-normal calomel electrode was 
taken out of the solution. As ferrous sulphate solution in the vessel F 
is oxidized by air, the fresh solution was poured into F through the funnel 
G at the beginning of each experiment. Between the vessel F and the 
cylinder A a glass cock was attached. By opening this cock the measure- 
ment was carried out and then the cock was closed to prevent the solution 
in A from being oxidized. 

The deci-normal potassium chloride solution was poured now and then 
into the vessel H to drive away the solution mixed with ferrous sulphate at 
the end of the calomel electrode. In this way, the change of voltage in 
relation to time was measured at room temperature (24-32.7°C.) until the 
constant voltage was obtained. The results obtained are shown in Table 2 
and graphically in Figs. 4, 5 and 6, 

The author calculated the single potential differences referring to one 
normal ferrous sulphate solution according to the equation :— 


RT C 
c= Ee ui —— 1 
€ €c.0 + 2.30267, 8G 


where n=2, T=303, Co=0.988, C=1. But the correction was found 
negligible. 


(1) C. Benedicks and R. Sundberg, J. Iron Steel Inst., 44 (1926), 177. 
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Table 2. 


Potential Measurement of Iron, Nitrided or Not, in Ferrous Sulphate. 


Wrought 
wrought iron iron 





— Nitrided Nitrided vara 
Nitrided iron powder iron powder Nitrided 
in | dipped in O, dipped in 

ferrous (curve 1) free water water (curve 5) (curve 6) | 
| sulphate |(29.8°~82.3°C.) (curve 4) (curve 3) (24.0°~26.5°C.) | (29.3°~31.7°C.) 

ts) °, ‘ Oo ‘O } 
(28.3 — C.) | (29.3 — C.)) wut. welt. 


Tim : 
© | iron powder 


hr. m. volt. 


- 0.3 — | — 

~ -- | -0.7510 

-0.7886 ~ | x 
i 0. -0.7540 


a ~0.9370 


-- —0.9542 
—0.9023 
—0.9000 


~0.8486 0.7694 


0.8481 


0.9279 -0.8465 


- ~0.7681 
-0.9326 a ~0.7688 


—0.9258 , ~0.8410 — 

—0.9324 —0.8344 —0.7634 
_ —0.7628 

-0.9311 — —0.7646 


-0.8201 —0.7665 
—0.8122 —0.7672 
—0.8005 —0.7675 
0.7964 —0.7630 
—0.7926 - 


— —0.7665 
—0.7882 —0.7663 
—0.7889 


—0.7852 


In Fig. 4, the time voltage curves of nitrided iron powder (curve 1) and 
of iron powder quenched into water (curve 2 quoted from the paper of 
Richards”) show minima at their beginning. According to Richards this 





(1) Loe. cit. 





298 S. Satoh. 


minimum voltage was caused by atomic hydrogen occluded in iron, there- 
fore it will be certain that nitrided iron powder is loaded with atomic 
hydrogen. 
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Fig. 4. 


Richards” states that atomic hydrogen occluded in iron vanishes 
rapidly in ferrous sulphate solution and slowly in water. The author tested 
how atomic hydrogen occluded in iron nitride vanishes by the action of 
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oxygen in water. For this purpose nitrided iron powder was on the one 
hand immersed in the oxygen free distilled water for 118 hrs. and the other 
in the distilled water for 90hrs. Both of them were dried by absolute 
alcohol and quickly immersed in the ferrous sulphate solution and their 
single potentials were measured. The results obtained are indicated in 
Table 2 and Fig. 5. As may be seen from Fig. 5, the nitr:ded iron powder 
immersed in oxygen free distilled water (curve 4) shows minimum at the 
beginning, while that immersed in distilled water (curve 3) does not show it. 
From the above fact it may be confirmed that atomic hydrogen is oxidized 
by the oxygen contained in distilled water. The nitrided iron becomes 
black and never rusts to form red hydroxide of iron in distilled water and 
moreover it retains its silver white surface in oxygen free distilled water. 
L. Guillet and M. Ballay™ reported that the nitrided special steel has great 
corrosion resistance in the water of the Seine. 


(6) Reducing Property towards Potassium Ferricyanide. With the 
object of ascertaining the existence of atomic hydrogen in iron nitride, the 
author immersed nitrided iron in the 5% potassium ferricyanide solution 
after nitriding it, and after 48 hrs. he, by adding ferric chloride solution, 
noticed the formation of Prussian blue. This reaction takes place equally 
in the dark place. The reaction: 


K3Fe(CN). — K.Fe(CN)¢ 


occurs due to atomic hydrogen occluded in nitrided iron. Iron loaded with 
atomic hydrogen by quenching it from a high temperature into water also 
reduces the potassium ferricyanide solution, but ordinary iron powder never 
reduces it. And it was observed that more Prussian blue is formed with 
the iron nitride immersed in the potassium ferricyanide solution directly 
after being nitrided than with the iron nitride which is dipped in distilled 
water before being immersed in the potassium ferricyanide solution. 


Surface Change of Iron due to Nitriding. The results of the potential 
measurements of wrought iron (C=0.0452%2, Si=0.02%, Mn= trace, P= 
0.04724, S=0.004%4) and of that nitrided at 500°C. for 30 hrs. are shown in 
Table 2 and Fig. 6. As may be seen in Fig. 6, the time voltage curve of 
nitrided iron (curve 5) shows minimum due to atomic hydrogen at its 
beginning and remains constant finally (0.7889 volt). This final potential 
difference is about 0.023 volt lower than that of iron not nitrided (curve 6). 
In 1913, F. Hanaman® measured the single potential difference of steel that 
had been treated with ammonia at above 650°C. and obtained the result : 





(1) L. Guillet and M. Ballay, Compt. rend., 189 (1929), 957. 
(2) F. Hanaman, Dissertation Berlin, 1913. 
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en=0.51 volt for the iron nitride. For this reason the above mentioned 
potential of —-0.7889 volt is not that of the iron nitride but that of the porous 
iron which contains nitrogen as a solid solution, and therefore the potential 


Table 3. 
e, Values of Various States of Iron. 


[T. W. Richards| C. Benedicks 
and and 
G. E. Behr. R. Sundberg 
(20°C.) (16°+2°C.) | 





Furest iron melted in vacuo. -0.423 — 


Technical pure iron. ~0.427 


Purest porous iron containing hydro- 
gen reduced at high temperature. 


The same, reduced at low tem- 
perature. 

Iron loaded with atomic hydrogen 
by quenching in water or by elec- ~0.602~-0.562 | 
trolysing. 

Iron loaded with atomic hydrogen 
by nitriding. 


Technical pure iron nitrided. 


~0,442~-0.456 | 
} 

0.458 ~~0.462 
fe 











Iron powder nitrided. 
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difference of 0.023 volt would correspond that between compact iron and 
porous iron reported by Richards,” i.é., the compact iron would trasfer into 
porous iron by the action of ammonia. This is clearly seen by the photo- 
microzraph shown in Fig. 7. 


Section (unetched). 6500 
Photomicrograph of Nitrided Wrought Iron. 
Fig. 7. 


(1) Loc. cit. 
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The author calculated the single potential differences of nitrided iron, 
referring to hydrogen electrode according to the equation : 


€n=e- + 0.337. 


The calculated values are shown in Table 3 together with e, values of the 
various states of iron reported by Richards.” 


Influence of Light on the Single Potential of Iron Nitride. The photo- 
cells are known for silver, copper, tin and stainless steel® but, so far as is 
known, not for iron nitride. The author constructed a photo-cell by means 
of two plates of nitrided iron, immersed in a ferrous sulphate solution to 
determine whether it is light-sensitive or not. In Fig. 8, A and B are 
armco iron plates (C=0.011%, Mn=0.017%, P=0.008%, S=0.030%, Si= 
trace, Cu=0.025%) nitrided at 500°C. for 23hrs. Illuminating a nitrided 
plates through the window C, the author observed the change of single 
potential of both plates but found that light produces no marked photo- 
chemical effect upon them. 


Nifrided Iron G. Galvanomerer 
Window. H. Porenriometer 
Glass Vessel 


Photo-cell Made of Nitrided Iron. 
Fig. 8. 


Summary. 


The author confirms the existence of atomic hydrogen in iron nitride : 
(1) By the presence of hydrogen when heating iron nitride above 
430°C. at which iron nitride is found to decompose slowly. 





(1) Loe. cit. 
(2) Benedicks and Sundberg, loc. cit. 
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(2) By the measurement of the single potential of iron nitride in the 
normal ferrous sulphate solution. 


(3) By the oxidation of atomic hydrogen due to oxygen in the water 
in which iron nitride is immersed. 


(4) By the transformation of potassium ferricyanide into potassium 
ferrocyanide by atomic hydrogen occluded in iron nitride. 


By measuring the single potential of nitrided iron, he observed the 
change of compact iron into porous iron by nitriding. 


The influence of light on the single potential of iron nitride was tested 
and it was found that light produces no marked photo-chemical effect 
upon it. 

In conclusion, the author expresses his cordial thanks to Professor M. 
Katayama for his valuable advice and suggestion. Thanks are also due to 
Mr. Hoshi and Mr. Shinozuka for their assistance in the experimental 


work. 
Research Laboratory, 


Mitsubishi Zosen Kaisha, Ltd., Tokyo. 
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The results of observations on the sorption of gases by heulandite and 
chabazite were already reported.” In this paper, the sorption of gases by 
laumontite is described. 


The composition of laumontite is CaA12Si,0;2.4H,0.% The mineral from 
Takashima, Hokkaido has been used in the present experiment. It is white 
crystal of silky lustre. 


The method of observation is quite the same with that in the previous 
experiments. Before the measurement, the mineral is evacuated and heat- 
ed to a certain temperature for certain length of time. Then, keeping the 
temperature of the dehydrated mineral to be constant by a thermostat, the 
gas is put in contact with the mineral and decrease of volume of the gas is 
measured. The gases tested are carbon dioxide and ammonia. 


(1) Sameshima, this Bulletin, 4 (1929), 96. 
(2) Doelter, ‘‘ Handbuch der Mineralchemie.”’ Bd. II, 3 Teil, 43. 
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The result obtained on carbon dioxide is shown in Table 1. 


Table 1. 
Sorption of Carbon Dioxide by Laumontite at 25°C. 


Vol. of CO. sorbed by 1 gr. | Pressure of gas 
of mineral in c.e. | in mm. Hg. 





0.52 | 751.4 
0.71 751.0 
1.01 | 761.9 





In the above experiment, the mineral is dehydrated at 300°C. for 20 
minutes. Laumontite, thus, does not noticeably sorbs carbon dioxide. 
The same order of amount of this gas is sorbed by laumontite with 
heulandite.” Such a small amount of carbon dioxide will be sorbed by the 
lime or other substances which may be admixed as impurity. We can say, 
therefore, that laumontite sorbs practically no carbon dioxide. 

A rather interesting result has been obtained on ammonia. At first 
the bulb containing laumontite is evacuated and heated to 300°C. until no 
evolution of gas (water vapour) is perceptible. By this treatment the de- 
crease in weight of laumontite was 10.0%. Then the dehydrated mineral 
was kept to 25.0°C. and the sorption velocity and amount of ammonia was 
measured. The result is as follows: 


Table 2. First Sorption. 
Time | Vol. of NH; sorbed by 1 gr. | Pressure of gas 
in min. | of mineral at 25.0°C. inc.c. | in mm. Hg. 





0.5 | 7.76 751.6 

14 27 751.6 

9.5 17.86 751.5 
28. 23.36 | 751.3 
90. 30.25 | 750.3 
33.48 749.8 

1420. 38.69 751.3 








(1) This Bulletin, 4 (1929), 99. 
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In this table, the first column shows the time in minutes after the 
contact of mineral to ammonia, the second column the volume of ammonia 
sorbed by the material which is obtained by dehydrating 1 gram of air dry 
laumontite, and the third column the pressure of ammonia gas. 

The material which has sorbed ammonia is now evacuated and heated 
to 300°C. and then second sorption is undertaken on this desorbed material. 
The result was as follows. 


Table 3. Second Sorption. 





Time Vol. of NH; sorbed by 1 gr. | Pressure of gas 
in min. of mineral at 25.0°C. in c.c. in mm. Hg. 





0.5 §.11 750.8 
5. 7.37 750.8 
9.5 8.04 750.8 
26. 9.45 750.8 
72. 11.21 750.6 








The material was evacuated and heated to 300°C. and third sorption 
was observed. 


Table 4. Third Sorption. 


Time | Vol. of NH; sorbed by 1 gr. Pressure of gas 
in min. | of mineral at 25.0°C. in c.c. in mm. Hg. 


1.46 750.6 
1.94 750.6 
2.06 750.6 
2.62 750.6 
4.00 754.6 
4.47 761.8 








These three series of observations are depicted in Fig. 1. 

From these results, it is known that the sorption amount of ammonia 
by laumontite decreases rapidly by either repeating sorption or prolonged 
heating. Now the sorption amount was measured changing the heating 
time and the temperature of dehydration. 
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The glass bulb containing the mineral was evacuated and an electric 
furnace was put around the bulb. The temperature of bulb was now 
raised and after 5 minutes it reached 300°C. Then this temperature is 
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Fig. 1. 


maintained for 30, 20, 10 or 1 minute in the following four series of obser- 
vations respectively (Tables 5, 6, 7 and 8). In Table 9 the results are 
shown in the case where the mineral was dehydrated at 150°C. for 15 
minutes. 


Table 5. 


The mineral was dehydrated by evacuating and heating 
to 300°C. for 30 minutes. 


Time | Vol. of NH; sorbed by 1 gr. Pressure of gas 
in min. of mineral at 25.0°C. in c.c. in mm. Hg. 


0.5 2.14 751.8 
5. 3.00 751.8 
13. 3.52 751.8 
68. 4.70 751.8 
5.55 751.2 
8.08 752.6 
10.01 756.6 
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Table 6. 


The mineral was dehydrated by evacuating and heating 
to 300°C. for 20 minutes. 


_ Time Vol. of NH; sorbed by 1 gr. | Pressure of gas 
in min. of. mineral at 25.0°C. inc.c. in mm. Hg. 


0.5 6.92 757.0 
5. 10.46 757.0 
10. 11.98 756.9 
50. 15.98 756.6 
17.90 756.0 

22.54 754.3 

23.72 | 751.2 





Table 7. 
The mineral was dehydrated by evacuating and heating 
to 300°C. for 10 minutes. 


Time Vol. of NH; sorbed by 1 gr. Pressure of gas 
in min. of mineral at 25.0°C. in c.c. in mm. Hg. 





0.5 . 19.59 
5. | 33.94 
10. 37.59 
45. 46.91 
54.35 

63.54 

65.45 
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Table 8. 


The mineral was dehydrated by evacuating and heating 
to 300°C. for 1 minute. 


Time Vol. of NH; sorbed by 1 gr. | Pressure of gas 
in min. | of mineral at 25.0°C. in c.c. | in mm. Hg. 


0.5 21.76 750.9 

5 37.44 750.9 
10. 40.82 750.9 
30. 47.38 750.7 
160. 57.58 750.3 
2830. 68.46 | 756.5 
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Table 9. 


The mineral was dehydrated by evacuating and heating 
to 150°C. for 15 minutes. 











Vol. of NH; sorbed by 1 gr. | Pressure of gas 
of mineral at 25.0°C. in c.c. | in mm. Hg. 





5.46 759.4 

9.08 759.4 
15.34 759.4 
20.68 759.3 
26.29 759.2 
34.87 759.1 
38.92 758.7 
41.62 758.1 
754.2 
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Fig. 2. 
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By evacuating and heating to 150°C. for 15 minutes the mineral de- 
creases its weight 4.6%. 

The data of Tables 5, 6, 7, 8 and 9 are plotted in Fig. 2. 

The sorption amount by laumontite of ammonia is, thus, markedly 
effected by the heat treatment of the mineral at comparatively low tem- 
perature such as 300°C. 

For the purpose of deciding whether ammonia combines chemically 
with dehydrated mineral or it is ‘‘ sorbed ’’ into the pores of the material,” 
an experiment was undertaken at 0°C. intead of 25°C. The material which 
had been dehydrated in the exactly same conditions as that in Table 9, was 
tested at 0.0°C. The material was kept at 0.0°C. by using a bath of melting 
ice during the whole observations, namely ca. 48 hours. The result is 
shown in Table 10. 















Table 10. 


The material was dehydrated by evacuating and heating 
to 150°C. for 15 minutes. 
























Time Vol. of NH; sorbed by 1 gr. Pressure of gas | 
in min. of mineral at 0.0°C. in c.c. in mm. Hg. 
0.5 4.65 757.3 
i. . 5.70 757.3 
5. 8.62 757.3 | 
15. 12,12 757.3 
30. 15.57 757.3 
60. 20.12 757.3 
120. 25.65 757.1 | 
320. 33.61 756.3 
1270. 41.95 759.5 







2830. 45.35 761.1 
















The data in Table 9 and Table 10 are plotted in Fig. 3. 
From Fig. 3 it can be noticed that the amount of sorption of ammonia 
is nearly the same in both cases, while the velocity of sorption is consider- 
ably different. 

In general, the sorption amount of gases by porous matters such as 
charcoal, dehydrated silica or chabazite increase by the lowering of tem- 
perature. Thus charcoal sorbs greater amount of ammonia at 0°C. than 
25°C. In the case of a chemical combination between gas and solid, 
however, the sorption amount must remain constant at any temperature. 
Therefore, it is known that the ammonia sorbed by laumontite combines 











(1) Sameshima, this Bulletin, 4 (1929), 125; Chem. News, 139 (1929), 61. 
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Fig. 3. 


chemically with the dehydrated mineral. The retardation of the combina- 
tion velocity by the lowering of temperature is the general rule in chemical 
kinetics. 

The relation between the number of mols of ammonia sorbed and that 
of water evaporated is not exactly known by the present experiments, for 
the sorption amount varies by the heat treatment of the material. It is 
probable, however, that one molecule of ammonia enters in place of one 
molecule of water, just as the case of heulandite.™ 

The structures of zeolite minerals are considered to be rather com- 
plicated, and the constitution or crystal form of a mineral as laumontite is 
liable to change by a slight heat treatment. Accordingly, the sorption 
amount of ammonia will change also. 


Summary. 


Dehydrated laumontite sorbs ammonia but not carbon dioxide. The 
sorption amount of ammonia varies markedly by the conditions of the 
dehydration. Same amount of ammonia is sorbed at 25°C. and at 0°C. by a 
sample. The ammonia combines chemically with dehydrated mineral. 

Chemical Institute, Faculty of Science, 
Tokyo Imperial University. 


(1) Sameshima, this Bulletin, 4 (1929), 96. 
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The diazo-coupling reaction of sinomenine [I] and the bases derived 
therefrom is as strong as the red colour produced by it is still visible in 
the 2,000,000th dilution of the bases.” This property is shared by almost 
all the alkaloids of phenanthrene group, in which a free phenol group 
situates in (4) with the unsubstituted para-position (1). Thus, thebainone; 
dihydro-thebainone, desoxy-codeine, 8- tetrahydro-desoxy-codeine, morpho- 
thebaine and apomorphine give the same reaction in the same strength.” 
On the contrary, those derivatives of sinomenine and thebainone, in which 
the para-position (1) to the phenol group (4), may be assumed, from the 
nature of reaction, to be substituted, namely, bromo-sinomenine both di- 
sinomenines and a- and #- dithebainones give this reaction in an exceeding- 
ly diminished degree (in the 20,000th dilution or thereabout) or not. 

The diazo-coupling reaction is thus very conveniently to be taken use of 
in judging whether the para-position (1) is substituted or the phenol group 
(4) is perfectly etherified or esterified in these bases. 

Now, the authors could, as is described in the experimental part, 
prepare the benzene-azo-compounds of sinomenine, hydrosinomenine and 
thebainone in nice crystalline form. M.p. of these coupled bases are the 
following. 








Benzene-azo- Benzene-azo- Benzene-azo- 

sinomenine | hydrosinomenine thebainone 
Solvent for recryst. nitrobenzene | dil. methy] alc. dil. methyl alc. 
Cryst. form hexagonal plates frisms. prisms. 


Colour dark red yellowish brown 


| 
| 
| 





M.p. 253° (dec.) | 281° dee.) 152° 


(1) J. of Agr. Chem. Soc. Japan, 1 (1924), 5. 
(2) This Bulletin, 4 (1929), 103. 





K. Goto and H. Shishido. 


CH,0/ \ _.  CH,O/ \-N: NCH; 


\4\ mn” a 
N—CH, N—CH, 
y. © ee A\/—| 


| | 
| | 


HO 


far | 
\4 \F 
| | 
OCH; OCH; 
[1] [11] 


O O 


CH,0 Mb : NC,H; CH,O/ S—NH, +H.N-C,H; 


ape a 


OW, 


od 
CH,O  H 
[il] 


By reducing benzene-azo-dihydrosinomenine [III] by sodium hydrosul- 
phite, we could obtain l-amino-dihydro-sinomenine [IV]. The free base 
was rather unstable and the analysis was made with its hydrochloride, 
crystallised from the mixture of alcohol and chloroform. 

It contained tenaciously one molecule of water and chloroform. The 
analytical results were, however, satisfactory as such. 

The same reduction of benzene-azo-sinomenine would give rise to the 
mixture of ]-amino-sinomenine and ]-amino-dihydro-sinomenine, as the pre- 
liminary experiment with sinomenine has shown. Therefore, the reduction 
of benzene-azo-sinomenine was not undertaken. 

Recently, G. Charrier and A. Neri reported that by dissolving benzene- 
azo-morphine in cone. sulphuric acid, they could transform it into benzene- 
azo-apomorphine. The same treatment of benzene-azo-sinomenine did 
not give the expected results. The base did not change the shade of the 
colour, but became water-soluble, indicating perhaps the sulphonation of 
the coupled benzene-nucleus. 





(1) Cited after Chem. Zentr., 101 (1930), 1309; Gazz. chim. ital., 59 (1929), 804. 
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Experimental Part. 


Diazo Coupling Reaction. Five drops of N/25 sulphanilic acid solution 
are diazotised with two drops of 10% caustic soda solution, and 1 drop of 
N/5 sodium nitrite solution. To this alkaline solution of diazo-benzene sul- 
phonic acid is added about 1c.c. of the solution of the hydrochloride of the 
base in different concentration. When 1% hydrochloric acid is added to 
this mixture drop by drop, a beautiful red colour is produced at certain 
stage. Five to seven drops of the acid is enough to produce the maximum 
shade. Reaction still alkaline. Too much acid will decolourise the solu- 
tion again. 

Sinomenine and the bases of allied constitution give the red colour up 
to the 2,000,000th dilution. 


Benzene-azo-sinomenine [II]. Anilin (1 gr.) was diazotised in acidic 
medium (8 ¢.c. of 10% HCl+92¢.c. Water) with the calculated quantity of 
NaNO: (0.7 gr. in 20c.c. water) at 5-10°C. To this solution was added the 
aqueous solution (50c.c.) of sinomenine hydrochloride (4gr.). Since this 
mixture is still acidic, neither the red colour nor red precipitate is produced 
in this stage. When this solution is, however, added with sodium hydroxide 
solution, the red precipitate is richly formed. The latter, being redissolved 
in the excess of caustic soda’ solution, is precipitated again by COz gas. 
The precipitates are collected, dried and recrystallised from boiling nitro- 
benzene. Dark red tetragonal or hexagonal plates, decomposing at 253°. 
Yield almost quantitative. 

Anal. Found: C=69.08; H=6.05; N=9.18, 9.16; methoxyls=14.01%. C.;Hs;N;0, 
requires: C=69.28; H=6.23; N=9.70; methoxyls=14.31%. 


Benzene-azo-dihydrosinomenine [III]. Mode of preparation is the same 
with the foregoing. Recrystallised from dilute methyl alcohol, it forms 
long, dark red prisms of m.p. 231° (dec.). 


Found: N=9.41%. C,;H»sN;0, requires: N=9.65%. 


Benzene-azo-thebainone. Prepared in the same way as above. Yellow- 
ish brown prisms from dilute methyl alcohol. M.p. 152°. 


Found: N=10.23%. Czs,H.5;N;0; requires: N=10.42%. 


Reduction of Sinomenine with Sodium Hydrosulphite. Sinomenine 
(10 gr.) was boiled with NaeS20, (20 gr.) in aqueous solution (60 c.c.) for 
two hours, when a clear solution was produced. When the bases were 
separated in the ordinary way, the part, which was first extracted, consisted 
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principally of hydrosinomenine (2 gr.; 20%). Next came the unchanged 
sinomenine (2.5 gr.). The rest was difficultly crystallisable. 


l-Amino-dihydrosinomenine Hydrochloride [IV]. When a mixture of 
benzene-azo-dihydrosinomenine (5 gr.), sodium hydrosulphite (12 gr.), water 
(50 ¢c.c.) and methy] alcohol (20 c.c.) was boiled, the mixture was decolour- 
ised in twenty minutes. After boiling for one hour, aniline was removed 
by steam-distillation (until the bleaching powder reaction was disappeared 
in the distillate). The base was, then, set free with sodium carbonate and 
extracted with chloroform. 

The chloroform was dried with sodium sulphate, filtered and saturated 
with HCl gas, by which the hydrochloride of the amino-dihydro-sinomenine 
was thrown down in a pale yellow mass. Ethyl alcohol was added to this 
chloroform in a quantity which is just enough to dissolve the precipitate 
away. After standing some time, the hydrochloride appears in stout 
prisms, collected in rosettes. This was collected, and washed with chloro- 
form and ether. 

For recrystallisation, the hydrochloride is redissolved in alcohol and 
precipitated with much chloroform. Yield 2 gr., m.p. > 300°. 


The free base is unstable, and accordingly, the hydrochloride was 


analysed, after it was left in a desiccator over H2SO, for twenty days, until 
the weight became constant. The hydrochloride seems to contain one 
molecule each of chloroform and water, the former appearing as a drop 
when the hydrochloride is dissolved in water. 


Anal. Found: C = 43.33, 43.28; H = 5.82, 6.45; N =5.25; Cl=31.51; Methoxyls 
=11.56%. C,,H.,N.O,-2HCI-CCl,H-H.O requires: C=43.12; H=5.57; N=5.03; Cl=31.89; 
methoxyls=11.14%. 

Department of Chemotherapy, 
Kitasato Institute, Tokyo. 








